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Remote sensing has provided useful observations for studying water resources around the 48 world, especially over the areas with insufficient in situ measurements (e.g., (Alsdorf et al., 2007;  is provided by AVISO (see, e.g., Table 1 ). Here, we apply geophysical corrections, including 142 solid earth tide, pole tide, and dry tropospheric (Birkett, 1995) . Importantly, the waveform 143 retracking, which refers to the re-analysis of the waveforms, a time-series of returned power in 144 the satellite antenna (Davis et al., 1995; Gomez-Enri et al., 2009) , is required to improve the 145 accuracy of measured ranges (Brown, 1977) . Here, in order to retrack satellite radar altimetry 146 data, a developed Extrema Retracking (ExtR) algorithm proposed by Khaki et al. (2014) is 147 applied. Our motivation to select the ExtR is due to its processing speed and its promising 148 results over the Caspian Sea when compared to the Off Center of Gravity (OCOG, Wingham et 149 al., 1986) , the NASA β-Parameter Retracking (Martin et al., 1983) , and Threshold Retracking 150 (Davis, 1997) . 151 The datasets are then used to build virtual time series for 62 different points (see black 152 triangles in Fig. 1 ) located on the satellite ground tracks and distributed throughout the NRB. 153 At each virtual point, several points belonging to the same satellite cycle are considered and the median value of the retracked altimetry-based water level is computed in order to address 155 the hooking effects (Frappart et al., 2006) . This effect is derived from off-nadir measurements 156 when a satellite locks over a water body before or after passing above it (Seyler et al., 2008; 2.5. Precipitation 182 Tropical Rainfall Measuring Mission Project (TRMM-3B43; version 7) products (TRMM, 183 2011) covering the period 1998 to 2016 are used. The data is available on a 0.25 • degree reso-184 lution, which is averaged to generate 1 • ×1 • grids before being extended to 1992 (same starting 185 period as the altimetry data) using the Global Precipitation Climatology Center (GPCC) re-186 analysis version 7.0 (Schneider et al., 2015) . Rainfall variations from both TRMM and GPCC 187 datasets are used after being rescaled to the same spatial resolution as the altimetry time series. India. This is broadly during a negative IOD phase (linked to La Niña). These indices are the 204 result of interactions between the oceans and atmosphere on each corresponding area and their 205 impact can be seen directly on rainfall that occurs around the world (Nurutami et al., 2016) .
206
Here, the interest is to understand their influences on the Nile River fluctuations, thereby, 207 further indicating the impact of climate variability. A summary of the datasets used in the 208 present study are presented in Table 1 . 18, 31, 44, 57, 83, 94, 107, 120, 133, 159, 170, 196, 209, 222, 235 http://podaac.jpl.nasa.gov Table 2 . 228 The Results indicate that applying retracking method increases the correlations between 
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where δλ and δθ are the sampling grid steps in longitude (λ) and latitude (θ) directions, respec- 
with S t being the true soil moisture variation, S 1 , S 2 , and S 3 represents three soil moisture 275 anomalies related to S t with α 1 , α 2 , and α 3 being the coefficients that correspond to the errors 276 of e 1 , e 2 , and e 3 , respectively. The objective is to estimate error variances associated with e 1 , 277 e 2 , and e 3 to be used in the weighting process. On the one hand, TCA solves this by considering 278 the errors of the products to be independent of each other while on the other hand, it arbitrarily 279 assumes any of the products as a reference (see Stoffelen, 1998; Yilmaz et al., 2012 , for more 280 details regarding TCA implementation). By selecting any of the products as the reference, no 281 impact is imposed on the merged time series (Gruber et al., 2017) . Once the error variances 282 are calculated, they are used in Eq. 6-8 to estimate weights of each merged product through
where σS 1 2 , σS 2 2 , and σS 3 2 are error variances of S 1 , S 2 , and S 3 , respectively, with the corre-284 sponding weights of w 1 , w 2 , and w 3 . The final merged soil moisture estimate (Sm) is obtained 285 by,
A schematic illustration of the applied processing steps in this study, i.e., data integration 287 procedure, retracking, and water storage estimations, is provided in Fig. 3 . First, a review of the altimetry-derived river level height time series (Fig. 4) is un-291 dertaken to understand the river's fluctuations with time. Thus, water lever time series is 292 calculated for each virtual station within the three study regions of Fig. 1 . The average of 293 the stations' level height variations in each region is presented in Fig. 4 . Also, the trend for 294 different parts of time series are plotted (cf. black solid lines in Fig. 4 ). As can be seen from 
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Overall, the largest fluctuations are observed in the Upper Nile mainly due to high precip-338 itation. TWS changes naturally follow the precipitation and hence a similar pattern can also 339 be seen. This is followed by the Central Nile, which shows larger variations in both precipita-340 tion and TWS time series compared to the Lower Nile (a region with the least precipitation).
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Surface water changes in the Lower Nile, however, show larger variations possibly due to the 342 stronger connection between this storage component over the entire basin.
343
As with water level variations (cf. Fig. 4 ), negative surface water storage trends exist in 344 all the three regions (see Fig. 5 The results of TCA are presented in Fig. 6 , which shows the average estimated soil mois- regions. Furthermore, using the surface water storage, soil moisture, and TWS changes, ground-
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water changes calculated based on Eq. 1 are also presented in Fig. 6 insignificant and as such are not shown. Table 3 show the highest correlation to be between Table 3 : Correlations (at 0.05 significant level) between the river level heights, precipitation, and TWS time series for each region and climate variabilities of ENSO (those of IOD are not shown as they were small and insignificant). Note that cross-correlation is applied to account for lag differences between the time series. 
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